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PIPERAZINE DERIVATIVES AS 5-HTlA LIGANDS 

This invention relates to piperazine derivatives, to processes for their preparation, to 
their use and to phannaceutical compositions containing them. The novel compounds 
act upon the central nervous system by binding to 5-HT receptors (as more fiilly 
explained below) and hence can be used as medicaments for treating human and other 
manunals. 

The novel compounds of the invention are those of the general formula 

R 



X-R 

a) 



and the pharmaceutically acceptable acid addition salts thereof. 
In formula (I): 

20 R represents hydrogen or one or two same or different {lower)alkyl groups 
Rl is a mono- or bicyclic aryl or heteroaryl radical 
R2 is hydrogen or lower alkyl 

25 

R3 is lower alkyl or cycloalkyl 

R4 is hydrogen or lower alkyl 

30 A is an alkylene chain of 1 to 3 carbon atoms optionally substituted by one or more 
lower alkyl groups and 

X is -CO-. -CR5oH- (where is hydrogen, lower alkyl or cycloalkyl). -S-. -SO- or 
-SO2- or X can also be -(CH2)n- (where n is 0, 1 or 2) when R3 is cycloalkyl. 
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The term "lower" as used herein means that the radical referred to contains 1 to 6 
carbon atoms. Preferably such radicals contain 1 to 4 carbon atoms. Examples of 
"lower alkyl" radicals are methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, pcntyland 
5 isopentyl. A cycloalkyl group preferably contains 3 to 7 carbon atoms. Examples of 
the cycloalkyl group R3 mclude cyclopropyl, cyclobutyl, cyclopcntyl, cyclohexyl and 
cycloheptyl. 

When used herein "aryl" means an aromatic radical having 6 to 12 carbon atoms (eg 
10 phenyl or naphthyl) which optionally may be substituted by one or more substiments. 
Preferred substituenis are lower alkyl, lower alkoxy (eg methoxy, ethoxy, propoxy, 
butoxy). halogen, halo(lower)alkyl (eg trifluoroniethyl), nitre, nitrile, amido, 
(lower)alkoxycarbonyl, amino, (lower)alkylamino or di(lower)alkylamino 
substituents. Two substituents on the aromatic ring may be connected together to form 
15 another ring system. For example Rl may be a bicyclic oxygen-containing radical of 
' the formula 




20 wherein the heterocyclic ring containing the oxygen atom contains a total of 5 to 7 ring 
members, said heterocyclic ring being samrated or unsaturated and optionally 
containing one or more hetero ring members (eg O, N or S) in addition to the oxygen 
atom illustrated and the bicyclic oxygen radical being optionally substituted by one or 
more substituents such as the substituents mentioned above in connection with "aryl". 

25 A preferred example of such a bicyclic oxygen radical is an optionally substituted 
radical of the formula 




30 Preferably Rl is a phenyl radical containing a subsiiiueni in ihe onho position. A 
paniculariy preferred example of R I is o-(lower)alkoxyphenyl eg o-methoxyphenyl. 
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The term "heleroaryl" refers to an aromatic radical containing one or more hetero ring 
atoms (eg oxygen, nitrogen, sulphur) and which may be optionally substituted by one 
or more substituents. Examples of suitable substituents are given above in connection 
with "aryl" radicals. The heteroaryl radical may, for example, contain up to 10 ring 
atoms. Preferably the heteroaryl radical is a monocyclic radical containing S to 7 ring 
atoms. Preferably the hetero ring contains a nitrogen hetero atom with or without one 
or inore further hetero atoms. When Rl is a heteroaryl group it is preferably an 
optionally substimted pyrimidyl, quinolinyl, isoquinolinyl, or indolyl radical. 

Preferred compounds have the following substituents either independently or in 
combination: 

(a) R is hydrogen 

(b) Rl is aryl, for example o-(lowcr)alkoxyphenyl (eg o-methoxyphenyl) or 
bicyclic heteroaryl (eg indolyl) 

(c) R2 is hydrogen 

(d) R3 is cycloalkyl, particularyl cyclohexyl 

(e) A is -CH2- or -CH2CH2- 

(f) X is -CO-, -CHOH-, -S-, -SO2- or -CH2-. 

The compounds of the invention may be prepared by methods known in the art from 
known starting materials or starting materials that may be prepared by conventional 
methods. 

One method of preparing the compounds of the invention comprises alkylating a 
piperazine derivative of formula 



R— N 




N-H 



HI) 
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with an alkylating agent providing the group 

-A-CRv 

(in) 

The all^lating agent may be, for example, a compound of formula 



JO-- 



(IV) 



where R2. R3, r4. x and A arc as defined above and Z is a leaving group such as 
halogen or an alkyl- or aryl-sulphonyloxy group. 

1 5 The compounds of formula (I) in which X is -CHOH% -S- or -CH2- may also be 
prepared by reduction of an amide of formula 




N-CO-A*-C3l^ 

^X-R^ 



(V) 



where R, Rl, R2. R3, and R^ are as defined above and X is -CHOH-, -S- or -CH2- and 
A I is an alkylene radical of 1 or 2 carbon atoms optionally substinited by one or more 
(lower)alkyl groups. The reduction may, for example, be carried out with a hydride 
transfer agent e.g. borane-dimethylsulphide or lithium aluminium hydride. The 
25 starting amide of formula (V) may be made by acylaiing a piperazine derivaiive of 
formula (ID above with an acylating derivaiive of an acid of formula 



10 



25 
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hooc-a'-cr^ 

(VI) 

5 The acylating derivative may be, for example, the acid chloride. 

Another method of preparing the compounds of the invention wherein X is -CR^OH-, 
-CH2- or a single bond comprises reacting a compound having the anion 



r'-N ' N.A<3l'-k^„::P 



\ "N' 

(Vn) 



with a compound of formula 

15 R3R5CO (Vnia) 

or 

R3(CH2)mY (Vim» 

where r2 and R^ are as defined above, m is 0 or 1 and Y is a leaving group such as 
20 halogen. Reaction of the aldehyde or ketone (Vnia) with the anion gives a compound 
of the invention in which X is CR^OH while reaction of the compound (Vmb) with the 
anion gives a compound of the invention in which X is CH2 or a single bond. The 
anion (VII) may be prepared by known methods. For example the anion may be 
prepared by reacting the compound 



R_N ' N-A-CHR — »:^^ ^ 



N' 

(IX) 



with a base e.g. n-butyl lithium. 
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Compounds of the invention in which. X is -CO- may be prepared by oxidation of 
compounds in which X is -CHOH- and compounds of the invention in which X is 
-CHOH- or -CH2- may be prepared by reduction of compounds in which X is -CO-. 

5 

Compounds of the invention in which X is S may be prepared by reacting the anion 
(Vn) as defined above with a compound of formula R3.S-S-R3 (eg 
isopropyldisulphide or cyciohexyidisulphide). Compounds of the invendon in which X 
is S may be oxidised to compounds of the invention in which S is SO or SO2. The 
10 oxidadon may be carried out with a peroxidising agent (eg hydrogen peroxide). 

If in any of the other processes mentioned herein, a substituent on the group Rl is other 
than the one required the substiment may be converted to the desired substituent by 
known methods. 

15 

The processes described above n^y be carried out to give a compound of the invention 
in the form of a free base or as an acid addition salt If the compound of the invention 
is obtained as an acid addition salt, the free base can be obtained by basifying a 
solution of the acid addition salt. Conversely, if the product of the process is a free 
20 base an acid addition salt, particularly a pharmaceutically acceptable acid addition salt, 
may be obtained by dissolving the free base in a suitable organic solvent and treating 
the solution with an acid, in accordance with conventional procedures for preparing 
acid addition salts from base compounds. 

25 Examples of acid addition salts are those formed from inorganic and organic acids, 
such as sulphuric, hydrochloric, hydrobromic, phosphoric, tartaric, fumaric, maleic, 
citric, acetic, formic, mcthanesulphonic, p-toluenesulphonic, oxalic and succinic acids. 

The compounds of the invention contain an asymmetric carbon atom, so that the 
30 compounds can exist in different steroisomeric forms. The compounds can be for 
example, racemates or optically active forms. The optically active forms can be 
obtained by resolution of the racemates or by asynunelric synthesis. 

The compounds of the present invention possess pharmacological activity. In 
35 particular, they act on the central nervous system by binding to 5-HT receptors. In 
pharmacological testing it has been shown that the compounds particularly bind to 
receptors of the 5-HT 1 type. In general, the compounds selectively bind 10 receptors 
of the 5-HT I A ^VP^ ^ much greater cxicni than they bind to other receptors such as 
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ai and D2 receptors. Many exhibit activity as 5-HTi/^ anugonists in pharmacological 
testing. The compounds of the invention can be used for the treatment of CNS 
disorders, such as anxiety in manmials, particularly humans. They may also be used as 
antidepressants, antipsychotics, hypotensives and as agents for regulating the 
S sleep/wake cycle, feeding behaviour and/or sexual function and as cognition enhancing 
agents. 

The compounds of the invention were tested for 5-HT| ^ receptor binding activity in 
rat hippocampal membrane homogenate by the method of B S Alexander and M D 
10 Wood, J Pharm Pharmacol, 1988, 888-891 . The results for representative 
compounds of the invention are as follows: 



15 



20 



Compound 




Exan^jle la 


4 


Exaii4>le lb 


4.3 


Example 2a 


2.0 


Example 2b 


1.8 


Example 3 


2.6 


Example 4 


1.6 


Examples 


40 


Example 6 


4.25 


Example 7 


IS 



The compounds are tested for 5-HTl A receptor antagonism activity in a test involving 
25 the antagonism of 5-carboxamidotryptamine in the guinea-pig ileum in vitro (based 
upon the procedure of Fozard et al, Br J Pharmac, 1985, fifi, 601P). 

The invention also provides a pharmaceutical composition comprising a compound of 
formula I or a pharmaceutically acceptable acid addition salt thereof in association with 
30 a pharmaceutically acceptable carrier. Any suitable carrier known in the art can be 
used to prepare the pharmaceutical composition. In such a composition, the carrier is 
generally a solid or liquid or a mixture of a solid or liquid. 

Solid form compositions include powders, granules, tablets, capsules (e.g. hard and soft 
35 gelatine capsules), suppositories and pessaries. A solid carrier can be, for example, one 
or more substances which may also act as flavouring agents, lubricants, soiubilisers, 
suspending agents, fillers, glidanis, compression aides, binders or tablet-disintegrating 




wo 94/21610 PCT/GB$M/00S39 

-8- 

agents; it can also be an encapsulating material. In powders the carrier is a finely 
divided solid which is in adnuxture with the finely divided active ingredient. 

In tablets the active ingredient is mixed with a carrier having the necessary 
5 cof&pression properties in suitable proportions and compacted in the shape and size 
desired. The powders and ublets preferably contain up to 99%, e.g. from 0,03 to 99%. 
preferably I to 80% of the active ingredient. Suitable solid carriers include, for 
example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch, 
gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose, 
10 polyvinylpyrrolidme, low melting waxes and ion exchange resins. 

The term "composition" is mtcnded to include the formulation of an active ingredient 
with encapsulating material as carrier to give a capsule in which the active ingredient 
(with or without other carriers) is surrounded by the carrier, which is thus in association 
IS with it Similariy caciiets are included. 

Liquid form compositions include, for example, solutions, suspensions, emulsions, 
syrups, elixirs and pressurised compositions. The active ingredient, for example, can 
be dissolved or suspended in a pharmaceutically acceptable liquid carrier such as water, 

20 an organic solvent, a mixture of both or pharmaceutically acceptable oils or fats. The 
liquid carrier can contain other suitable pharmaceutical additives such as solubilisers, 
emulsifiers, buffers, preservatives, sweetners, flavouring agents, suspending agents, 
thickening agents, colours, viscosity regulators, stabilisers or osmo-regulators. 
Suitable examples of liquid carriers for oral and parenteral administration include water 

25 (particularly containing additives as above, e.g. cellulose derivatives, preferably 

sodium carboxymethyl cellulose solution, alcohols, e.g. glycerol and glycols) and their 
derivatives, and oils (e.g. fractionated coconut oil and arachis oil). For parenteral 
administration the carrier can also be an oily ester such as ethyl oleate and isopropyl 
myristate. Sterile liquid carriers are used in sterile liquid form compositions for 

30 parenteral administration. 

Liquid pharmaceutical compositions which are sterile solutions or suspensions can be 
utilized by, for example, intramuscular, intraperitoneal or subcutaneous injection. 
Sterile solutions can also be administered intravenously. When the compound is orally 
35 active it can be administered orally either in liquid or solid composition form. 



Preferably the pharmaceutical composition is in unit dosage form e.g. as tablets or 
capsules. In such form, ihc composition is sub-divided in unit dose containing 
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appropriaie quantities of the active ingredient; the unit dosage forms can be packaged 
composition, for example packeted powders, vials, ampoules, prefilled syringes or 
sachets containing liquid. The unit dosage form can be, for example, a capsule or 
tablet itself, or it can be the appropriate number of any such compostions in package 
5 form- The quantity of the active ingredient in unit dose of composition may be varied 
or adjusted from 0.5 mg or less to 750 mg or more, according to the particular need and 
the activity of the active ingredient. 

The following Examples illusttate the invention: 

10 
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(a) R*. R*. U(2-M ethQxvDhenvn^-rf2-DroDan-(2- 
pvridinvn-3-cvclohexvlV3-QnDit>erMing 

5 

and 

(b) R*. S*- 1 -(2-M ethQxvphenvl^^rf2-DrQDan-(2- 
pvridinvn>3-cvclohe7 fvn-'^llpipera2ine 

10 

To a solution of H2-methoxyphcnyl)-4-(2- pyridinylethyOpiperazine (8. 1 Ig, 
27,3nimol) in THF (anhydrous, SOml) at -78*C under argon was added with stirring n- 
BuLi (23.8ml, 1.26M).The addition was at such a rate as to maintain an internal 
temperature of -75*C or below. The solution was stirred at -78*C for 15 minutes. The 

1 5 aldehyde^ 1 -formylcyclohexane, (3.36g, 30 mmol) in THF ( 10ml) was added dropwise. 
Water ( 1 ml) in THF Sml)was added in one portion after five minutes and the solution 
allowed to warm to room temperature. The solvent was removed and the residue 
dissolved in chloroform (30ml). The products were removed by washing with HCl 
(IN, 500ml). The acidic extract was washed with ether and then adjusted to pH 12 by 

20 the addition of solid sodium hydroxide and cooling. The basic solution was extracted 
with chloroform, washed with saturated salt solution, dried (MgS04) filtered and 
reduced to a viscous oil (1 l.Og). 

The diastereomeric alcohols were separated by silica gel column chromatography using 
25 ether as eluant. The least polar component was the title compound (a) and the 

hydrochloride was obtained by dissolving in chloroform and adding ethereal HCl. 
Recrystailisation from methanol and ether gave the title compound (a) hydrochloride. 
m.p. 155-156*C. 

30 C25H35N3O2.2.5HCL2H2O requires: C 55.94; H, 7.79; 7.83%. 
Found: C, 56.14; H, 7.58; N, 7.71%. 

The more polar component was the title compound 1(b) and this was converted to the 
hydrochloride. Crystallisation from methanol/ether gave the title compound (b) 
35 hydrochloride, m.p. 135-136'C. 



C25H35N3O2.3HCI.H2O requires: C. 55.92: H. 7.5 1 : N. 7.839r 
Found: C. 55.64: H. 7.45: N, 7.71 ^r. 
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Exatnple 2 



R*. R*.l-f2-M«hn»vphenvlV4-n-hutan-r2- 
pvridinvn.4-r -vclohexvn-4-ollDiDerazine 



and 



10 



IS 



20 



25 



30 



(b) R*- S*-W2-M efhnxvDhenvn-4*r3-btttan-f2- 

To a cooled (-78'C internal) solution of H2- mcthoxyphenyl>4.(3- 
pyridinylpropyl)pipOTaine (2.15g, 6.63mol) under argon in THF (15ml) was added 
with stirring n-BuLi (5.78ml, 1.26M) at such a rate that the lempcranirc did not rise 
above -60'C (internal). The solution of the anion was stirred at -VS*? C for fifteen 
minutes. The aldehyde, 1-formylcyclohexane. (0.803ml, 6.63mol) in THF (2ml) was 
added. After approximately fifteen minutes water was added and the reaction allowed 
to come to room temperature. 

The solvents were removed and the residue portioned between chloroform and water. 
The organic layer was washed with saL salt solution, dried (MgS04) and reduced to a 
viscous oil following filtration. The residue was purified by silica gel column 
chromatography under pressure eiuting with ether. The two diastereomeric products 
were separated by repeated colmnn chromatography to yield samples of the two title 
compounds. 

The least polar diastereomer was converted to its hydrochloride salt giving the title 
compound (a) hydrochloride, m.p. 128-129'C. 

C26H37N3O2.2HCLI.75H2O requires: C, 59. 14; H, 8. 1 1; N, 7.96%. 
Found: C, 59.14; H, 7.91; N, 7.84%. 

The more polar diastereomer was converted to its hydrochloride gave the title 
compound (b) hydrochloride, m.p. 108-109'C. 



C26H37N3O2.2HCI.2.25H2O requires: C. 58.15; H. 8.16: N. 7.82%. 
Found: C, 58.26; H, 7.75: N. 7.78%. 
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1.(2.Methoxvphenvl-4-r3>f2-DvridinvlV4- 

5 

The diastereoincric mix of l-(2-mcthoxyphenyl)-4-[3-butan-(2.pyridinyl)-4- 
cyclohexyl)-4-oIlpiperazine from Example 2 (1.23g, 2.91mmol) was dissolved in dry 
dichloromethane (5ml). This was added to a preformed solution of oxalyl chloride 
(292ml, 3.35imnol) and dimethyl sulphoxide (539ml, 7mmol) in dichloromethane (dry 

10 75ml) at -60X (internal), over 2 minutes. Following the addition the reaction mixture 
was stirred at between -50 and -6*C for fifteen minutes. Triethylamine (2ml, 
14.5mmol) was added and the reaction allowed to reach 0*C. Dichloromethane (50 ml) 
was added and the reaction mixture was washed with water and brine and then dried 
(MgS04). The organic solvent was removed in vacuo to give an oil. The residue was 

15 purified by pressure silica gel colunm chromatography using ether as eluant The oil 
(l.Og) was dissolved in chloroform and ethereal HQ added to give the title compound 
as the hydrochloride, OLp. 102-104"C, 

C26H35N3O23HCLI.75H2O requires: C, 55.52; H, 7.44; N, 7.47%. 
20 Found: C, 55.57; H, 6.93; N. 7.31%. 

Exampig 4 

ur-?.MethoTvphenvn-4-r4*(cvclohexvlV3- 
25 r^-pvririmvnhtitvnniperazine 

To a solution of l-(2-methoxyphenyl)-4-(3-pyridinylpropyl)piperazine (l.Og, 3.1mmol) 
at 0*C in dry toluene (10ml) was added n-BuLi (3.9ml). After a further 10 minutes at 
0** C the suspension was treated with cyclohexylmethyl bromide (0.649ml, 4.7mmo!). 
30 The reaction was allowed to stir at 0*C for a further 2 hours. 

The product was extracted into IN HCl. The aqueous layer was separated, washed 
with ether and basified (solid NaOH). The basic aqueous suspension was washed with 
chloroform (2 x 70ml). The organic layer was washed with salt solution, dried 
35 (MgS04) and filtered. Removal of the solvent gave a yellow oil which was purified by 
pressure silica gel column chromatography using ether as eiuant (690mg). The 
maieriai was subjected 10 further chromatography using hexane/ethcr ( 1 :2) as eiuani 10 
give ihe title compound. 
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The HCl salt, in.p. IlO-l U'C was prepared by dissolving the free base in chiorofonn 
and adding ethereal HCl. 

5 C26H37N3O.2HCI. 1 .25H2O reqtiires: C, 62.08: H. 8.32; N, 8.35%. 
Found: C. 62.34; H. 8.21; N. 8.23%. 

10 1 -f 9,.MethQXVP timY'^-*-f ' -methvnthioethvl V 1 - 

f^-pvridinvl^ thvnpiperazine 

l.(2.Methoxyphenyl)-4-[l-(2-pyridinyl)cthyllpipcrazine (2.974 g, 10 mmol) was 
dissolved in anhydrous THF (25 ml) and the solution cooled to -70*C. n-butyl-Uthium 

15 (1.6M solution. 7 ml. 11 mmol) was added dropwise. After 10 mins, isopropyl 
disulphide (1.50 g. 10 mmol) in THF (5 ml) was added and the reaction mixture 
allowed to warm to room temperature over 2 h. The mixture was poured into water 
(100 ml), extracted with dichloromethane (3 x 100 ml), washed with brine ( 100ml). 
dried (Na2S04), and concentrated iiLXaaifl. The residue was filtered through a plug of 

20 silica to give a colouriess oil which was dissolved in ether and treated with ethanolic 
hydrogen chloride to affoid the tide compound as trihydrochloride 0.25 hydrate (0.54 
g).m.p. I27-13rC. 

(Found: C. 51.9: H. 6.9: N. 8.8. C2iH29N3OS.3Ha.0.25H2O requires C, 52.0; H. 
25 6.75; N, 8.7%). 

Ex^mplg 6 

l.r?-Methoxvptir"vn-^f^-fevglohexvlthioV3- 
30 f2-pvridinvlV rnpvnpinerazine 

To a solution of l-(2.methoxyphenyl)-4-(3- pyridylpropyOpiperazine (5.13 g, 0.0158 
mol) in dry toluene (50 ml) under argon, at an internal temperature of -13'C. was added 
nBuLi (15.81 ml, 17.39 mmol). The temperamre was maintained below -3*C. 



35 



After stirring and warming toO'C. cyclohexyldisulphide (4.0g. 17.37 mmol) was added 
over 1 5 minutes . 
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Thc solution was stirred at room temperature for 2 hours. Water was added followed by 
HCl (IN). The volatiles were removed and the aqueous acid layer washed with ethyl 
acetate. The acid layer was basified with sodium hydroxide (solid) with cooling and the 
layer extracted with ethyl acetate several times. 

5 

The organic layer thus obtained was washed with saturated NaCl followed by drying 
with MgS04. After filtration the solvent was removed and the residue purified by silica 
gel pressure column chromatography eluting with chloroform/methanol (2(V1). 

10 The title compound was obtained (3.6 g) and converted to dihydrochloride dihydrate 
(m.p. 113-115*Q. 

C25H35N3OS.2HCL2H2O requires C, 56.17; H, 7.73; N. 7.82%. 
Found: C, 55.99; 7.98; N. 7.58%. 

15 

Example 7 

!-r2-MethoxvphenvlV4.r3*fcvclohexvlsulDhoxvV3- 

fg-pyridinYDpropynpipgrMing 

20 

To a solution of the sulphide from Example 6 (2.16 g, 5.08 nunoi) in acetic acid (15 ml) 
at room temperature under argon was added with stirring H2O2 (1.51 ml, 27.5%). 

After 6 hours at room temperature a ftirther 0.2 ml of H2O2 was added and the solution 
25 placed in the refrigerator for 48 hours. 

The solvent was removed and the residue poured into sodium bicarbonate solution. The 
product was extracted with dichloromethane, washed with NaCl solution, dried (MgS04) 
and filtered. Removal of the solvent gave a yellow oil which was purified under pressure 
30 by elution of a silica gel column with chloroform/methanol (50/1). Of the two 

diastereomeric products thus obtained the least polar material was recolumned to give 
the title product (300 mg). The HCl salt» m.p. 130-132'C was prepared by dissolving the 
sulphoxide in chloroform and adding ethereal HCl. 

35 C25H35N3O2S.3HCI.2.75H2O requires C, 50.00; H, 7.30: N, 7.00%. 
Found C, 49.91 : H. 7.58; N, 7.07%. 
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Example 8 

l-f2-MethQxvphenvn-4-n -(cvclohexvlsulphonvlV3- 
S r^-pvridinvnnmnvllDiDerazine 

To a siined solution of l-(2-methoxyphenyl)-4-[3-(cycIohexyIthio)-3-(2- 
pyridinyl)propyl]piperazine at room temperature was added N-methylmoipholine N- 
oxide (0.35 Ig. 3 mmol) followed by a solution of osmium tetroxide in t-buianol (2.5% 
10 wt, 630 ml). After eighteen hours sodium metabisulphite (sat) was added and the 
reaction mixture stirred vigorously. 

The organic material was extracted into chloroform, washed with brine, dried (MgS04) 
and filtered. Following removal of the solvent the oil was purified by pressure silica gel 
15 column chromatography eluting with a gradient of chlorofonn/methanol 50/1 
20/1/. 

The product (340 mg) was dissolved in chloroform/ether and ethereal HCl added. The 
tide compound was obtained as the hydrochloride, an off-white solid, m.p- 135-137*C. 

20 

C25H35N3O3S.2HCI.I.75H2O requires: C, 53.42; H, 7.26; N, 7.48%. 
Found C, 53.42; H, 7. 15; N, 7.46%. 

Example 9 

25 

l-f2-MethoxvphenvlV4-r_'S-fcvelohexvn-3- 

(Z-pyridinvnpfinitYlllpipgminc 

The title compound was prepared following the procedure of Example 4 using 
30 cyclohexylethyl bromide as reactant in place of cyclohexylmethyl bromide. The product 
was obtained as the hydrochloride, m.p. 134-135'C. 

C27H39N3O.3HCI.O.5CH3OH requires : C, 60.38; H, 8.1 1; N, 7.68%. 
Found C 60.28; H, 8.28; N, 7.88%. 

35 
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Examplg 10 

1.r2-MethoxvphenvJ^^-r2-(cvclohexvlthiQV2- 
f2-pvridinvnethvnpiperazine 

5 

The title compound was prepared following the procedure of Exan^le 5 using 
cyclohexyl disulphide as a reactant in place of isopropyl disulphide. The product was 
obtained as the hydrochloride, m.p. 9 1 -92*C. 

10 C24H33N3OS.3HCLI.25H2O requires : C 53.04; H, 7. 14; N, 7.73%, 
Found C, 53.08; H. 7.29; N, 7.61%. 

Exampjg 1 1 

15 l-f2-Methox vphenvn-4-r:^-fcvclonentvlthioV3- 

r2-pvridin vnpropvnpipera2ine 

The title compound was prepared following the procedure of Example 6 using 
cyclopentyl disulphide as reactant in place of cyclohexyl disulphide. The product was 
20 obtained as the hydrochloride, m.p. 95-97*C. 

C24H33N3OS.2HCI.I.5H2O requires : C. 56.35; H, 7,49; N, 8.21%. 
Found C 56.17; H, 7.60; N, 8.12%. 

25 Examplg 12 

l-r2-MethoxvDhenvn-4-r3>(cvclQDentvlsu|phQnvlV3- 

fi^-pyridinvllpropynnipcnginc 

30 The title compound was prepared following the procedure of Example 8 using l-(2- 

meihoxyphenyl)-4-[3-(cyclopcntylthio)-3-(2-pyridinyl)propyl]pipcra2ine as the starting 
material. The product was obtained as the hydrochloride, m.p. I45-146'C. 

C24H33N3O3S.2HCI.2H2O requires : C, 52. 17; H, 7. 1 1 ; N. 7.60%. 
35 Found C, 52.25; H, 7.0 1 ; N, 7.7 1 %. 
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Examole 13 

|.r7-Methoxv phenvn-4-r2-(cvclohexvlsulphQnYlV?- 
f^-pvridinvnethvnDipcrMing 

The tide compound was prepared following the procedure of Example 8 using l-(2- 
meihoxyphenyiH-[2-(cyclohexylihio)-2-(2-pyridinyl)ethyllpiperarine as the starting 
material. The product was obtained as the hydrochloride. m.p. 75-76*C, 

C24H33N3O3S.3HCL2H2O requires : C 50.48; H, 6.7 1 ; N, 7.36%. 
Found C, 50.48; H. 6.80; N, 7. 14%, 



15 RTftmple 14 

1.f2-Methoxv p>ii>nvlV^r3.rcvclohexvlV3- 
p-pvridinvnDronvnniDerazine 

20 To a dry toluene (14 ml) solution of l-(2-methoxyphenyl)-4-(3-pyridinylpropyl)- 

piperazine (1.5g, 4.82 mmol) under argon at O'C was added nBuU (7 4 ml, 1.3M). After 
anion formation the solution was treated with cyclohexylbromide (1.18 ml, 9.64 mmol) 
in toluene (2.8 ml). The reaction mixture was allowed to attain room temperamrc and 
stirred overnight. The reaction mixnire was treated with HCl (IN) and the organic layer 

25 discarded. The acid layer was washed with ether, taken to pH 13 with solid NaOH (cool) 
and extracted with chloroform. 

The organic layer was washed with sat NaCl solution, dried (MgS04) filtered and 
reduced to an oil. 

30 

The product was eluted from a silica gel pressure column with ethyl acetate and 
converted to the hydrochloride salt, m.p. 140-142''C, 

C25H35N3O.3HCI.I.25H2O r^uires : C, 57.14; H, 7.77: N, 8.00%. 
35 Found C, 57.27; H, 7.82; N, 7.94%. 
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Example 15 



5 



l-r2-Methox vphenvn-4-f3-butan-f2-DvridinvlV 

4-<?i<?Yc|9hCTYl-4-9ll1pipgrwing 



To a solution of l-(2-mcthoxyphenyI)-4.(3-pyridinyipropyl)pipcrazine (3.0g, 9.24 mmoi) 
in anhydrous toluene (30 ml) was added, under argon with stirring at O'C, nBuLi (7.8 ml, 
I.3M). After twenty minutes di(cyclohexane) ketone (2.36 ml, 12 mmol) was added and 
10 the reaction stirred at room temperature for 13 hours. 

IN HCl was added and a grey precipitate removed by filteration. The aqueous layer was 
washed with dichloromethane, taken to pH 13 by the addition of solid sodium hydroxide 
(with cooling). The organic material was extracted into ethylacetate, washed with brine, 
15 dried (MgS04), filtered and reduced to an oil. 

The residue was purified by pressure silica gel colunm chromatography to give the title 
compound which was converted to the HCl salt, m.p. 175-176*C, with ethereal HCl. 

20 C32H47N3O2.3HCI.I.3H2O requires : C, 59.85; H, 8.32; N. 6.54%. 
Found C, 60.02; H, 8.34; N, 6.53%. 
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I . A compound of general formula 

R r. ^^R' 



10 




2' N- 



(I) 



or a pbannaceutically acceptable acid addition salt thereof wherein 
R represents hydrogen or one or two same or different Oower)alkyl groups 
Rl is a mono- or bicyclic aryl or hetcroaryl radical 
15 r2 is hydrogen or lower alkyl 
R3 is lower alkyl or cycloalkyi 
R4 is hydrogen or lower alkyl 

20 

A is an alkylene chain of 1 to 3 carbon atoms optionally substituted by one or more 
lower alkyl groups and 

X is -CO-» -CRSqH- (where r5 is hydrogen, lower alkyl or cycloalkyi), S, SO or 
25 SO2 or X can also be -(CH2)n- (where n is 0, 1 or 2) when R3 is cycloalkyi. 

2. A compound as claimed in claim 1 in which R I is monocyclic aryl or bicyclic 
hetcroaryl. 

30 3. A compound as claimed in claim 1 or claim 2 in which r3 is cyclohexyi. 

4. A compound as claimed in any one of claims I 10 3 in which X is -CO-, -CHOH- 
-S-, -SO2- or -CH2- 
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5. A compound as claimed in claim 1 which is 

R*, R*- 1 -(2-methoxyphenyl)-4-[{2-propan-(2-pyridinyl)-3-cyciohexyl)-3- 

oljpiperazine, 

R*, S*- 1 -(2-meihoxyphenyl>4-[(2-propan-(2-pyridinyl)-3-cyclohcxyl)-3-ol]piperazine, 
5 R*, R*- 1 -(2-mcthoxyphenyi)-4-[3-butan-(2-pyridinyl>4-cyclohexyl)-4HDl]piperazine, 
R*, S*- 1 -(2-methoxyphenylM-[3-butan-(2-pyridinyl)-4-cyclohexy l)-4-ol]piperarm 
I-(2-methoxyphenyi-4-[3-(2-pyridinyi)-4-cyciohexyl-4^ne]piperazine, 
l-(2-methoxyphenyl)-4-[4-(cyclohexyl)-3-(2-pyridinyl)butyl]piperazine. 
H2-methoxyphenyl)-4-[ !-(( l-methyl)thioclhyl)- l-(2-pyridinyl)ethyilpipcrazine, 

10 l-(2-methoxyphenyl)-4-[3-(cyciohexylthio)-3-{2-pyridinyl)propyl]piperazine. 

l-(2-methoxyphenyl)-4-[3<cyclohexylsuiphoxy)-3-{2-pyridinyl)propyl]piperazine, 
l-(2-mcthoxyphenyl)-4-[3-(cyclohexylsulphonyl>3-{2-pyridinyl)propyllpipera2^ 
l-(2-methoxyphcnyl)-4-[5Kcyciohexyl)-3-(2-pyridinyl)pcntyllpipcrarinc, 
l-(2-incthoxyphcnyl)-4-[2Kcyciohexylthio)-2-(2"pyridinyl)ethyl]pipei^^ 

15 l-(2.methoxyphenyl)-4-[3-{cycIopentylthio)-3-(2-pyridinyi)propyl]piperaz^ 
l-(2-methoxyphcnyl)-4-[3-(cyclopentylsulphonyi)-3-(2-pyridinyl)propyll 
l-(2.methoxyphenyl)-4-[2Kcyclohexylsulphonyl)-2K2-pyridinyi)ethyllpiperaz^ 
l-(2-methoxyphenyl)-4-[3-(cyclohexyl)-3-(2-pyridinyl)propyI]pipera2ine or 
l-(2-methoxyphenylH-[3-butan.(2-pyridinyl)-4-dicyciohexyl-4<>l]pip^ 

20 or a phannaceutically acceptable acid addition salt thereof. 

6. A process for preparing a compound claimed in claim 1 which comprises 
(a) alkylating a piperazine derivative of formula 



25 



30 



r'— N ' N-H 



(ID 

(where and R are as defined in claim 1) with an alkylating agent providing the 
group 

R^ 




X-R" 



(iin 
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(wherc A, X, r2, r3 and R"^ arc as defined in claim 1) 



or 




10 (where R, Rl. R2, r3, and R"^ are as defined in claim 1 and X is -CHOH-, -S- or -CH2- 
and Al is an alkylene radical of 1 or 2 carbon atoms optionally substituted by one or 
more lower alkyl groups) to give a compoimd of formula (I) in which X is -CHOH-, -S- 
or -CH2- 



15 or 



(c) reacting a compound having the anion 

r'— N ' N-A-CR -li^M^' 

20 (vn) 



(where R, R>, R^, R'^ and A are as defined in claim 1) with a compound of formula 
r3r5cO (Vina) 

25 or 

R3(CH2)mY (Vinb) 

(where is as defined in claim 1 . m is 0 or 1 and Y is a leaving group) to give a 
compound of formula (I) in which X is -CR^OH-. -CH2- or a single bond 

30 

or 
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(d) oxidising a compound of formula I in which X is -CHOH- to give a compound 
of formula I in which X is -CO- 

or 

5 

(e) reducing a compound of formula I in which X is -CO- to give a compound of 
formula I in which X is -CHOH- or -GH2- 

or 

10 

(f) reacting a compound having the anion 

cm 

15 (where R, R 1, R2, R4 and A have the meanings given in claim 1) with a compound of 
formula r3.S-S-R3 (where r3 is as defined in claim I) to give a compound of formula 
I in whidi X is S 

or 

20 

(g) oxidising a compound of formula I in which X is -S- to give a compound of 
formula I in which X is -SO- or -SO2- 

or 

25 

(h) converting a base claimed in claim 1 into a pharmaceuUcally acceptable salt or 
converting a pharmaceutically acceptable salt into the free base. 

7. A pharmaceutical composition comprising a compound claimed in any one of 
30 claims 1 to 5 in association with a pharmaceutically acceptable carrier. 

8. A compound claimed in any one of claims 1 to 5 for use as a pharmaceutical. 

9. A compound claimed in any one of claims 1 to 5 for u.sc as a 5-HT 1 A-antagonist. 



INTERNATIONAL SEARCH REPORT 



Intoiir *«1 AnpHntintt No 

PCT/«iB 94/00539 



A. CXASSIFlCATtON OF SUBJECT MATTER 

IPC5C07D213/38 A61K31/44 C07D213/50 A61K31/495 



A<ww««fn to Intgnatlooil Patent CUnficalioo (IPC) or to both daaiflcttioa am! IPC 



B. FIKJ>S SEARCHED 



IPC 5 C07D A61K 



.4,«jfi^.tt^ lysiem foUoiwd by dAaificHum tymboU) 



Dociiiiiciilttiop I 



t tt> d>c oflent ttMt wch documma ixt included to the ficidi «c«rcfcc<l 



Electronic data base TrmrilTrl during Ibe mtcmatiaDal tcarcb (name of dtu bate and, where pracdeaU scaicb tanna uk4> 



C DOCUMENTS CONSIDERED TO BE RELEVANT. 



CateyMy* Qtatlonef donimmt, with todicalicn. whne appropriate, of tht idcvmt ptmgM 



RcSevaatto ctaim No. 



EP.A»0 512 755 (JOHN WYETH & BROTHER LTD.) 
11 November 1992 

* complete document * 

W0,A,92 06082 (JOHN WYETH & BROTHER LTD.) 
16 April 1992 

* complete document * 

INDUSTRIE CHIMiqUE BELGE 
vol. 28, no. 2 , 1963 
pages 123 - 134 

H. MORREN ET AL. 'Nouveaux derives 
N,N'-disubst1tu«s de la plp^razlne & 
proprl^tis neurotropes' 

* page 123; table II, compounds 5143, 
5172, 5167. 5150, 5173, 5144 and 5169 * 



1.9 
1.9 
1.7 



□ 



Puttier docuDwnti are IMed fcn the contt no aio tt of box C. 



[)( I Patent famUy 



menbcn are lifted In annex* 



* Special eate|;ahcs of died rtftnimrnti : 

*A' ili nu i ii Ti H deflnms (he fcaeral itate of the art which ii aot 

oonsdcred to be of particuUr relevance 
'VT cartier docBincnt but putaliihed on or after the imcmationil 

filing date 

*L* document which may throw doutao on priority claiin(t> or 
which if dted to cstahlixh the pubUcatton date of another 
citation or other ipedal reaaoo (aa tpeeificd) 

*0' doctsnent reftrring to an oral dinloswt, t»e, cxhiUtioii or 
otticr meant 

*P* docimient pubUihed prior to the international filing date but 
Uzer than the priority data claimed 



later document pobUtfted after the intetnatioBal filing date 
or priority date and not In conflict with the applictttoo but 
cited to undentud the priadple or theory uniKrtying d 
invention 



cited to undentasd the principle or theory 



lying the 



"X* documentofpuiiciilar relevaaoe: thedaim^tovcntion 
<iiuiot be ooniidered novel or cannot be fcwwirifrcd to 
involve an tovcntive tfep when the document ia taken alooe 

T* documentofpKticuUrrelevaooc; the claimed tovcntion 
cannot be oooidered to involve an invcnbve step when the 
document ia combined with one or ooore other aucb docn- 
mcntii mch combination being obvioui to a pc r i oo Mllrd 
in the art. 

'A* document member of the lame patent family 



Date of the actual conqrfction of the international cearcfa 



3 May 1994 



Date of mailing of the internatiottal search report 



16.05. 94 



Nameandmaifingj 



I of the ISA 



Authorised officer 



European Patmt OfBce. P.B. S8I S PatenHaan 3 
NL-32S0HV Rijiwijlt 
Td. ( + 31-70) 340-3040. Tk. 31 6SI eponl, 
Fa]c(-t- 31-70) 340-3016 



Van BIJlen, H 



Fena PCT/ISA/aiO {momi HmM) (July 19S2) 



INTERNATIONAL SEARCH REPORT 

^mcdon on p**^«* fiunily ncmbn 


laterea ^ A 

PCT/uB 


94/00539 


Patent doeumem 
dted in search report 


PubUcattOD 
date 


Patent family 
nrnnber^s) 


Publicatidn 
date 


EP-A-0512755 


11-11-92 


AU-B- 645681 
AU-A- 1524192 
GB-A- 2255337 
JP-A- 5170743 


20-01-94 
05-11-92 
04-11-92 
09-07-93 



WO-A-92060a2 



16-04-92 



AU-B- 
AU-A- 
EP-A- 
GB-A- 
JP-T- 



645853 
8654491 
0502169 
2248449 
5502682 



27- 01-94 

28- 04-92 
09-09-92 
08-04-92 
13-05-93 



Pm PCT/XSA/nO (peuat ftraOy wmax) (Juty IfSO) 



